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(57) ABSTRACT

According to one disclosed embodiment, a smart powering
and pairing system includes a power conversion unit (PCU)
having a communication module, a power management mod-
ule and a pairing module. The PCU can convert mains power
into a form that can be used to power a plurality of electronic
devices. In one embodiment, the PCU can transparently pair
a connected electronic device to a group of subsequently
connected electronic devices by accepting pairing informa-
tion from the connected electronic device and using it to pair
the subsequently connected devices. In another embodiment,
the PCU can transparently pair a group of connected elec-
tronic devices by applying generated security data to all the
connected devices. In another embodiment, a power conver-
sion unit can use security data to un-pair connected electronic
devices.

23 Claims, 2 Drawing Sheets
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200
Fig. 2 /

Detect a power connection between
a first electronic device and
a power conversion unit

201

Establish a first communication link
between the first electronic device and
the power conversion unit

202

Receive pairing information from
the first electronic device by
the power conversion unit

203

Establish a second communication link
between a second electronic device
and the power conversion unit

204

Use the pairing information to pair
the second electronic device to
the first electronic device

205
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1
SMART POWERING AND PAIRING SYSTEM
AND RELATED METHOD

RELATED APPLICATIONS

This application is based on and claims priority from U.S.
Provisional Patent Application Ser. No. 61/336,845 filed on
Jan. 26,2010, which is hereby incorporated by reference in its
entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is generally in the field of electronic
devices and systems. More particularly, the present invention
is in the field of delivery of power to electronic devices and
systems.

2. Background Art

The use of personal electronic devices permeates almost all
aspects of daily life. Many such devices are kept in a mode of
constant readiness for use, and the cumulative effect of this
mode and the ever-increasing number of devices can be a
heavy burden on existing energy resources. Further, as more
and more feature innovations are brought to market, the com-
plexity in leveraging those features often surpasses the con-
veniences they offer.

One such feature is the act of pairing one electronic device
to one or more other electronic devices in order to combine
features without requiring that one device incorporate all
desired features all the time. While the distributed function-
ality opens up a wide range of new, desired cooperative fea-
tures, pairing devices to enable the cooperative features can
entail many individual manual steps that may require more
than just a general comfort level with new technology to
complete.

Moreover, conventional power supplies for electronic
devices are typically unconfigurable and feature-poor, possi-
bly just to reduce manufacturing cost, but perhaps also
because general safety and liability concerns steer manufac-
turers towards designing their power supplies to be physically
differentiated from product to product so as to limit the risk of
damage due to incompatible voltage and current specifica-
tions. Because each power supply is typically designed to
serve only a very limited market for a limited amount of time
(e.g., the life of a single product), on the whole, there can be
little incentive to design efficiency or convenience features
into each iteration of a generic power supply. Additionally, in
the case of portable electronic devices, the lack of inter-
changeability frequently leads to consumers having multiple
collections of power supplies at, for example, home and work,
which can serve to compound the waste and inconvenience
normally indicative of conventional power supplies and pow-
ering systems.

Thus, there is a need to overcome the drawbacks and defi-
ciencies in the art by providing a powering system that can be
readily adapted to power various electronic devices effi-
ciently and accurately while increasing the convenience of
using those electronic devices.

SUMMARY OF THE INVENTION

The present invention is directed to a smart powering and
pairing system and related method, substantially as shown in
and/or described in connection with at least one of the figures,
as set forth more completely in the claims.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a modular view of a smart powering and
pairing system, according to one embodiment of the present
invention.

FIG. 2 shows a flowchart illustrating steps taken to imple-
ment a method for pairing electronic devices, according to an
embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to a smart powering and
pairing system and related method. The following description
contains specific information pertaining to the implementa-
tion of the present invention. One skilled in the art will rec-
ognize that the present invention may be implemented in a
manner different from that specifically discussed in the
present application. Moreover, some of the specific details of
the invention are not discussed in order not to obscure the
invention.

The drawings in the present application and their accom-
panying detailed description are directed to merely exem-
plary embodiments of the invention. To maintain brevity,
other embodiments of the present invention are not specifi-
cally described in the present application and are not specifi-
cally illustrated by the present drawings. It should be under-
stood that unless noted otherwise, like or corresponding
elements among the figures may be indicated by like or cor-
responding reference numerals. Moreover, the drawings and
illustrations in the present application are generally not to
scale, and are not intended to correspond to actual relative
dimensions.

Many modern electronic devices include the capability to
communicate with other devices in order to enhance the con-
venience of their use. To reduce cross talk and/or to transfer
information securely, electronic devices can be “paired” or
grouped in a way that makes their communications distin-
guishable from communications with other devices. While
pairing has become an important way to combine function-
ality of multiple electronic devices, the initial step of pairing
one device with another can be complex, time consuming,
and exceedingly inconvenient, especially as electronic
devices themselves become more complex.

Conventional power delivery systems may not be suitable
to solve this inconvenience because they typically cannot be
used universally. At the end of the life of a typical electronic
device, its power delivery system is often simply thrown away
because it cannot function with other electronic devices.
Knowing this, manufactures typically build their power deliv-
ery systems as cheaply as possible, which can preclude incor-
porating any significant convenience features into their
design.

FIG. 1 illustrates a modular view of one embodiment of the
present invention that is capable of overcoming the draw-
backs and deficiencies of the conventional art. Smart power
management system 100, in FIG. 1, includes power conver-
sion unit (PCU) 110, electronic devices 120 and 130, and
wired power conduit 116. According to the embodiment
shown in FIG. 1, PCU 110 can be configured to connect to a
mains alternating current (AC) power line through a standard
wall mounted electrical socket, using mains adapter 111, and
to provide power to electronic device 120 or 130 using wired
power conduit 116.

As shown in FIG. 1, wired power conduit 116 can be
connected to PCU 110 through connector 117, which may be
a fixed connection or a detachable modular connection, such
as through a Universal Serial Bus (USB) interface plug-in
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connector, for example. Wired power conduit 116 can con-
nect PCU 110 to electronic device 120 or 130 through modu-
lar connector 118, which may be a mini-USB connector, for
example, or any modular connector suitable for providing an
interface between wired power conduit 116 and an electronic
device or system receiving power. Wired power conduit 116
can serve as a power transfer connection between PCU 110
and electronic device 120 or 130 and can be used to transfer
power to operate either electronic device and/or charge their
batteries (e.g., battery 122 of electronic device 120 or battery
132 of electronic device 130).

Although the embodiment shown in FIG. 1 represents PCU
110 connected only one electronic device at a time, e.g.,
electronic device 120 or 130, that representation is provided
merely as an example. More generally, PCU 110 may be
configured to provide power to a plurality of various indi-
vidual electronic devices and/or systems, each having their
own specific power requirements, by, for example, including
multiple power conduits connecting each device to PCU 110
substantially simultaneously. Alternatively, PCU 110 may be
configured to provide a variable output to any of a plurality of
electronic devices, but to do so in combination with a single
electronic device or system at a time. In any implementation,
however, PCU 110 is configured to support a communication
channel between itself and the electronic devices or systems
to which it is connected.

As shown in F1G. 1, according to the embodiment of smart
power management system 100, PCU 110 includes commu-
nication module 112, power management module (PMM)
114, and pairing module 115. Communication module 112
can be configured to send and receive information (e.g., state
information, power management parameters and/or pairing
information) between PCU 110 and electronic devices 120
and 130, for example, over communication channels estab-
lished between PCU 110 and electronic devices 120 and 130.

In embodiments such as that shown in FIG. 1, in which
power is transferred from PCU 110 to electronic device 120
over a wired connection (e.g., wired power conduit 116) the
wired connection may also provide a communication channel
for transfer of information. In different embodiments, power
may instead be transferred through a wireless power conduit
(not shown in FIG. 1) by inductive coupling, or resonant
inductive coupling, for example, as known in the art. In those
embodiments, communication module 112 can be configured
to use a wireless power conduit as a wireless communication
channel. Communication module 112 can also be configured
to support separate wireless communication channels to elec-
tronic devices 120 and 130, such as through a Bluetooth,
Bluetooth LE, WiFi, Near Field Communication (NFC), or
other suitable wireless communication protocol, for example,
either in addition or as an alternative to a communication
channel formed over a power conduit.

PMM 114 may comprise, for example, a microcontroller
having multiple digital and analog input/output ports coupled
to communications module 112 and to, for example, a pro-
grammable variable power supply, as known in the art. PMM
114 can be configured to use information received from com-
munication module 112 to dynamically modify the output
power characteristics (e.g., current and voltage levels) of
power delivered to, for example, electronic device 120 or 130
in order to efficiently and accurately power electronic device
120 or 130 or charge respective batteries 122 or 132. PMM
114 can also be configured to detect a power connection with
an electronic device by sensing, for example, a change in
output impedance as measured across a power conduit.

In one example, the combined efforts of communication
module 112 and PMM 114 can be used to enable PMM 114 to

25

30

40

45

4

regulate the output power characteristics of power delivered
to electronic device 120 according to information (e.g., power
management parameters) exchanged between, for example,
electronic device 120 and PCU 110 over a communication
channel. Consequently, embodiments of the present invention
can be used to provide power to many different electronic
devices, which can dramatically extend the useful lifetime of
PCU 110 while reducing a need for multiple conventional
matched power supplies.

Pairing module 115 may comprise, for example, a micro-
controller having multiple digital and analog input/output
ports coupled to communications module 112 and to, for
example, a data storage device (e.g., a flash memory device,
or a bank of static random access memory) as known in the
art. Pairing module 115 can be configured to use, for example,
pairing information received from communication module
112 to pair electronic devices (e.g., electronic devices 120 and
130) when they are placed in communication with PCU 110.
Once paired, electronic devices 120 and 130 can be config-
ured to communicate with each other securely, exclusively,
and/or transparently (e.g., without additional help from a user
or PCU 110) as known in the art, for example. Such post-
pairing configurations may be defined by instructions com-
prising a portion of the pairing information received by pair-
ing module 115 and used to pair electronic devices 120 and
130. Pairing module 115 can also be configured to store all
such pairing information and/or other transmitted informa-
tion for subsequent use when, for example, pairing other
electronic devices.

Alternatively, or in addition to the above, paring module
115 may also comprise a physical authentication device, not
shown in FIG. 1, that can be used to enable or disable a pairing
function of pairing module 115. For example, a physical
authentication device may comprise a fingerprint scanner, or
an electronic key fob detector for recognizing an electronic
key fob exhibiting, for example, a specific electronic signa-
ture, as known in the art. Pairing module 115 can be config-
ured to temporarily enable a pairing function after a success-
ful authentication of pairing module 115, for example, such as
when a scanned fingerprint matches another previously
stored in pairing module 115, or while the presence of a
specific electronic key fob is detected by PCU 110.

Although not shown in FIG. 1, PCU 110 may also include
various user interaction devices, such as lighted status indi-
cators, or physical switches, for example, that can be coupled
with any modules comprising PCU 110. A lighted status
indicator may comprise, for example, a colored light emitting
diode (LED) or strip of LEDs configured to indicate a com-
munication link status of communication module 114, for
example, or a failed authentication of pairing module 115. A
physical switch may comprise, for example, a momentary
push-button switch that can be configured to communicate,
for example, to pairing module 115 that a pairing function
must be restarted with new pairing information because an
already paired device has been lost or compromised, for
example.

FIG. 2 shows a flowchart illustrating a method for pairing
an electronic device to another according to an embodiment
of the present invention. Certain details and features have
been left out of flowchart 200 that are apparent to a person of
ordinary skill in the art. For example, a step may consist of
one or more substeps or may involve specialized equipment
or materials, as known in the art. Steps 201 through 205
indicated in flowchart 200 are sufficient to describe one
embodiment of the present invention; however, other embodi-
ments of the invention may make use of steps different from
those shown in flowchart 200.
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Referring now to step 201 of the method embodied in FIG.
2, step 201 of flowchart 200 comprises detecting a power
connection between a first electronic device and a PCU. The
first electronic device may be, for example, any electronic
device able to communicate with a PCU and pair with other
electronic devices, and it may or may not have an internal
power storage device, such as a battery. The PCU can com-
prise acommunication module, a PMM and a pairing module,
and can be configured to draw power from a mains adapter,
such as PCU 110 of FIG. 1 described above. As explained
above, a PMM of the PCU may be configured to sense, for
example, a change in output impedance over a power conduit
and detect a power connection with the PCU.

Continuing with step 202 in FIG. 2, step 202 of flowchart
200 comprises establishing a first communication link
between the first electronic device and the PCU. The first
communication link may be over a wired or wireless power
conduit, a wired or wireless communication channel, or any
combination of those, and can be established, for example, by
a communication module working in conjunction with a pair-
ing module and/or a PMM.

Moving now to step 203 in FIG. 2, step 203 of flowchart
200 comprises the PCU receiving pairing information from
the first electronic device. Upon a communication link being
established, as described in step 202, either the PCU or the
electronic device may initiate a transfer of pairing informa-
tion by, for example, transmitting an identity description used
to distinguish devices to be paired from other devices, or by
requesting a numerical authentication key or other security
data. An identity description may comprise an electronic
device’s serial number, universal product code (UPC), net-
work address, manufacturer, model number, or any other
collection of numbers, symbols or text that can distinguish
one or more electronic devices from other electronic devices.
Security data, on the other hand, may comprise any data that
can distinguish a communication of one or more electronic
devices from other communications, for example, or data that
can be used to secure communications generally, as known in
the art. Pairing information transfer may begin transparently
(e.g., without any intervention by a user), for example. Fur-
ther, any pairing information received by the PCU may be
stored within the pairing module of the PCU, as described
above.

Continuing with step 204 in FIG. 2, step 204 of flowchart
200 comprises establishing a second communication link
between a second electronic device and the PCU. The second
communication link may be completely independent of the
first communication link, and, like the first communication
link, may be over a wired or wireless power conduit, a wired
or wireless communication channel, or any combination of
those. The second communication link can be established, for
example, by a communication module working in conjunc-
tion with a pairing module and/or a PMM, and can operate
substantially simultaneously with the first communication
link.

Moving now to step 205 in FIG. 2, step 205 of flowchart
200 comprises using the pairing information to pair the sec-
ond electronic device to the first electronic device. Pairing
may happen transparently, and may or may not continue for
an extended period of time. For example, if the pairing infor-
mation transmitted to the PCU by the first electronic device
comprises an identity description, as described above, the
PCU’s pairing module may request an identity description
from the second electronic device and compare it to, for
example, a stored version of the identity description transmit-
ted by the first electronic device. If the identity descriptions
match, then the PCU can pair the devices by, for example,
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6

transmitting security data (e.g., an authentication key) gener-
ated by the PCU to both devices. Alternatively, even in
instances in which the identity descriptions do not match, the
PCU can be configured to pair the devices if they meet certain
predetermined criteria, once again, for example, by transmit-
ting security data, such as an authentication key, generated by
the PCU to both devices. After such a transmission, the
devices may communicate with each other using security data
to negotiate, for example, a secure communication protocol,
as known in the art. Such a secure communication protocol
can be used to transmit any information over any communi-
cation channel formed between the first and second electronic
devices, including those communication channels supporting
the previously formed first and second communication links
with the PCU.

If, instead of an identity description, the pairing informa-
tion transmitted by the first electronic device comprises secu-
rity data (e.g., an already generated authentication key), then
the PCU can be configured, for example, to simply re-trans-
mit the security data to any electronic device it subsequently
communicates with, such as the second electronic device, and
thereby pair the second device to the first electronic device, as
described above.

In an example implementation of the above method, a PCU
can be configured to retain pairing information sent by a first
electronic device, for example, only for a limited time or until
some event occurs, as a security feature. For instance, a PCU
may receive pairing information from a first electronic device
comprising security data and an instruction that only the next
device connected to the PCU is to be paired. If a third elec-
tronic device is connected to the PCU after a second elec-
tronic device has been paired, as described above, for
example, that third device may be powered by the PCU, but
may not be paired with the other electronic devices because
the pairing information provided by the first electronic device
has not been retained by the PCU. Under other circumstances,
pairing information may instead comprise an instruction to
pair all devices connected to a PCU at the same time, for
example, or all devices connected to a PCU over a period of
time.

In the event that the security of an electronic device paired
by a PCU is compromised in some way, or if a user wishes to
un-pair electronic devices conveniently, a PCU may be con-
figured instead to un-pair electronic devices in much the same
way as it may be used to pair them. For example, a first device
may transmit paring information to a PCU that comprises a
pairing group’s identity descriptions and an instruction to
un-pair all devices in that pairing group. Using that informa-
tion, a PCU can be configured to un-pair, transparently, any
electronic devices in that pair group that are subsequently
connected to the PCU. Alternatively, as mentioned above, a
PCU may comprise a user selectable switch that can be used
to restart a pairing function of the PCU. Upon such a switch
being selected, a PCU can be configured to un-pair all cur-
rently connected electronic devices from their pair group or
groups, for example, and re-pair all the devices as a single pair
group using a newly generated authentication key, for
example.

Although the method described by flowchart 200 charac-
terizes the transfer of pairing information as occurring
through a first connection of a first electronic device with the
PCU and transfer of the pairing information from the first
electronic device to the PCU, then disconnection of the first
electronic device from the PCU, followed by connection of a
second electronic device to the PCU and transfer of the pair-
ing information from the PCU to the second electronic
device, that is but an example arrangement. In another
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embodiment, a first electronic device can be connected to a
PCU having existing connections, e.g., wired, wireless, or
both wired and wireless, to one or more other electronic
devices. In that embodiment, transfer of pairing information
from the first electronic device to the PCU could be followed
by substantially immediate transfer of the pairing information
to one or more of the other connected devices, without addi-
tional intervening disconnect or connect operations.

Therefore, by providing a smart powering and pairing sys-
tem having the ability to communicate with and power a
variety of connected electronic devices, and also having the
ability to pair those devices transparently, the present inven-
tive concepts provide a powering system that can significantly
increase the convenience of using those electronic devices.
Additionally, by providing a system that can transparently
facilitate secure transfer of information between connected
electronic devices over, for example, mixed communication
channels (i.e., one a wired communication channel formed
over a wired power conduit and another formed over a wire-
less communication channel separate from a power conduit,
for example), the present inventive concepts compound the
above increase in convenience while retaining important
communication security features.

From the above description of the invention it is manifest
that various techniques can be used for implementing the
concepts of the present invention without departing from its
scope. Moreover, while the invention has been described with
specific reference to certain embodiments, a person of ordi-
nary skill in the art would appreciate that changes can be
made in form and detail without departing from the spirit and
the scope of the invention. Thus, the described embodiments
are to be considered in all respects as illustrative and not
restrictive. It should also be understood that the invention is
not limited to the particular embodiments described herein
but is capable of many rearrangements, modifications, and
substitutions without departing from the scope of the inven-
tion.

What is claimed is:

1. A smart powering and pairing system comprising:

apower conversion unit (PCU) having circuitry configured

to pair a first electronic device to a second electronic
device and to power a plurality of electronic devices
having different power requirements;
the PCU being further configured to:
communicate with the first electronic device and receive
pairing information from the first electronic device, the
pairing information being transferred from the first elec-
tronic device to the PCU in response to acommunication
link being initially established between the first elec-
tronic device and the PCU, the pairing information
including identity information that distinguishes the first
electronic device from other electronic devices, the PCU
configured to provide power to the first electronic device
according to a first power management parameter pro-
vided by the first electronic device; and
communicate with a second electronic device and receive
an identity description of the second electronic device
and in response pair the second electronic device
directly to the first electronic device utilizing the pairing
information received from the first electronic device, the
PCU configured to provide power to the second elec-
tronic device according to a second power management
parameter provided by the second electronic device;

wherein the PCU is external to the first electronic device
and the second electronic device.

2. The smart powering and pairing system of claim 1,
wherein the first power management parameter being used to
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regulate an output power characteristic of power provided to
the first electronic device and the second power management
parameter being used to regulate an output power character-
istic of power provided to the second electronic device.

3. The smart powering and pairing system of claim 1,
wherein the PCU is further configured to pair the first elec-
tronic device and the second electronic device so that they
communicate through the PCU using a secure communica-
tion protocol.

4. The smart powering and pairing system of claim 1,
wherein the PCU is configured to retain the pairing informa-
tion for a period of time.

5. The smart powering and pairing system of claim 1,
wherein the PCU is configured to retain the pairing informa-
tion until an event occurs.

6. The smart powering and pairing system of claim 1,
wherein the pairing information comprises the identity infor-
mation of the first electronic device.

7. The smart powering and pairing system of claim 1,
wherein the pairing information comprises a security data.

8. A power conversion unit (PCU) for use in a smart pow-
ering and pairing system, the PCU comprising:

a communication module;

a power management module (PMM);

a pairing module configured to pair a first electronic device

to a second electronic device;

the communication module and the PMM being configured

to communicate with and power a plurality of electronic
devices having different power requirements;

the communication module and the pairing module being

configured to:
communicate with the first electronic device and the PMM,
the PMM configured to receive pairing information from
the first electronic device in response to a communica-
tion link being initially established between the first
electronic device and the PMM, the pairing information
including identity information that distinguishes the first
electronic device from other electronic devices, the
PMM configured to provide power to the first electronic
device according to a first power management parameter
provided by the first electronic device; and

communicate with a second electronic device and receive
an identity description of the second electronic device
and in response pair the second electronic device
directly to the first electronic device utilizing the pairing
information received from the first electronic device, the
PMM configured to provide power to the second elec-
tronic device according to a second power management
parameter provided by the second electronic device;

wherein the PCU is external to the first electronic device
and the second electronic device.

9. The PCU of claim 8, wherein the PMM is configured to
power at least one of the first electronic device and the second
electronic device using a wired power conduit.

10. The PCU of claim 8, wherein the PMM is configured to
power at least one of the first electronic device and the second
electronic device using a wireless power conduit.

11. The PCU of claim 8, wherein the communication mod-
ule is configured to communicate with at least one of the first
electronic device and the second electronic device over a
communication channel formed over a power conduit.

12. The PCU of claim 8, wherein the communication mod-
ule is configured to communicate with at least one of the first
electronic device and the second electronic device over a
wireless communication channel formed separate from a
power conduit.
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13. The PCU of claim 8, wherein the pairing module
includes a physical authentication device used to enable the
pairing module.

14. The PCU of claim 13, wherein the physical authenti-
cation device is a fingerprint reader.

15. The PCU of claim 13, wherein the physical authenti-
cation device is an electronic key fob detector.

16. A method for use by a power conversion unit (PCU) for
pairing a first electronic device with a second electronic
device and a third electronic device that has different power
requirements than the second electronic device, the PCU
having circuitry configured to perform the method compris-
ing:

detecting a power connection between the first electronic

device and the PCU;,

establishing a first communication link between the first

electronic device and the PCU;,

receiving pairing information from the first electronic

device by the PCU, the pairing information being trans-
ferred from the first electronic device to the PCU in
response to the first communication link being initially
established between the first electronic device and the
PCU, the pairing information including identity infor-
mation that distinguishes the first electronic device from
other electronic devices;

establishing a second communication link between the

second electronic device and the PCU and providing a
first power management parameter to the PCU that
includes a power requirement for the second electronic
device;

establishing a third communication link between the third

electronic device and the PCU, and providing a second
power management parameter to the PCU that includes
a different power requirement for the third electronic
device, and
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receiving an identity description of the second electronic
device and in response using the pairing information
from the first electronic device to pair the second elec-
tronic device directly to the first electronic device,

wherein the PCU is external to the first electronic device
and the second electronic device.

17. The method of claim 16, wherein the pairing informa-
tion includes the identity description, the PCU being config-
ured to use the identity description to distinguish the second
electronic device from the third electronic device.

18. The method of claim 16, wherein the pairing informa-
tion comprises a security data, the PCU being configured to
use the security data to pair the second electronic device to the
first electronic device.

19. The method of claim 16, further comprising:

receiving an instruction to un-pair the first and second

electronic devices from one another;

un-pairing the first electronic device and the second elec-

tronic device.

20. The smart powering and pairing system of claim 1,
wherein the pairing information is used to pair second elec-
tronic device directly to the first electronic device such that
the first electronic device and the second electronic device
thereafter become configured to communicate with each
other directly without going through the PCU.

21. The system of claim 1 wherein power to the second
electronic device differs in voltage or current threshold from
the first electronic device.

22. The PCU of claim 8 wherein power to the second
electronic device differs in voltage or current threshold from
the first electronic device.

23. The method of claim 16 wherein power to the second
electronic device differs in voltage or current threshold from
the first electronic device.

#* #* #* #* #*



